Summary This is the first prospective study of unnary measures of the two major competing pathways of oestrogen metabolism, 16a-hydroxyoestrone (16a-OHE1) and 2-hydroxyoestrone (2-OHEl), in Correspondence to: EN Meilahn two irreversible and mutually exclusive pathways to form: (1) 16a-hydroxyoestrone or (2) 2-hydroxyoestrone. These are the major metabolic pathways for oestrogen with 4-hydroxylation as a minor pathway. albeit one that produces a carcinogenic product. The 2-and l6a-hydroxylation appear to compete for the limited oestrone substrate pool. and a rise in the extent of one hydroxvlation pathway will result in a shift of substrate towards the alternate and will reduce the absolute amount of the product of the competing, pathway.
This is the first study to examine oestrogen metabolites wele before the onset of breast cancer: median follow-up time to diagnosis was 9.5 years (quartile 1 = 6 years. quartile 3 = 13 years). Prospective studies have not included measures of oestrogen metabolism as they have been complicated and invasive. involving radiolabelled tracers. The development of a new assay now allows oestrogen metabolites to be measured on stored unrne specimens without the use of tracers. Substantial evidence shows oestrogen to be implicated in breast carcinogenesis. but mechanisms remain unclear. Experimental and case-control study results have shown that metabolism of oestrogen that favours the 1 6a-hydroxyoestrone (16a-OHE1) over the 2-hydroxyoestrone (2-OHEI) pathway may increase risk of breast tumours. To test this hypothesis we have measured 2-OHE1 and l6a-0HE1 in stored urine from incident breast cancer cases and matched control subjects among participants in the island of Guemsey (Guemsey HI) population-based prospective study of breast cancer risk.
Measures of oestrogen metabolism as markers for breast cancer risk
Oestradiol is oxidized to vield oestrone. A-hich then is hvdroxvlated (via the cvtochrome P450-dependent steroid hydroxylases) in penpheral tissue including breast (Telang et al. 1997) Correspondence to: EN Meilahn two irreversible and mutually exclusive pathways to form: (1) 16a-hydroxyoestrone or (2) 2-hydroxyoestrone. These are the major metabolic pathways for oestrogen with 4-hydroxylation as a minor pathway. albeit one that produces a carcinogenic product. The 2-and l6a-hydroxylation appear to compete for the limited oestrone substrate pool. and a rise in the extent of one hydroxvlation pathway will result in a shift of substrate towards the alternate and will reduce the absolute amount of the product of the competing, pathway.
The 16at-and 2-OHE I metabolites are thought to have markedlv different biological properties. The major metabolites of oestrogen hydroxylated at the C-16a position (16a-hydroxyoestrone and oestriol) are oestrogenic (Martucci and Fishman. 1979 (Telang et al. 1992) . In contrast 2-OHE1 does not appear to be genotoxic nor to promote cell proliferation or transformation (Martucci and Fishman. 1979) . although there is not universal agreement on this (Lottering et al. 1992 : Lemon et al. 1992 ).
Formation of 1 6a-hydroxyoestrone has been found to be elex ated in women at high n'sk of breast cancer (Osborne et al. 1988) . in women with atypical hyperplasia or proliferative breast disease (Telang. 1996) and in strains of mice susceptible to breast cancer.
with a strong correlation between the extent of 16a-hydroxylation and incidence of mammary tumours in the murine model (Bradlow et al. 1985) . Recent experimental work (Telang et al. 1997 ) has shown DNA synthesis to increase and the 2:16a-OHEI metabolite ratio to decrease with exposure of breast tissue (terminal duct lobular units) to a known carcinogen. benzo(a)pyrene: these effects were then reversed by administration of indole-3-carbinol. a phytochemical found in cruciferous vegetables.
Although one breast cancer case-control study in premenopausal Awomen found no difference in metabolite ratios betseen breast cancer cases and control subjects (Adlercreutz et al. 1989) . several studies that included post-menopausal women have reported breast cancer patients to have a 12-60% higher 1 6a-hydroxylation than healthy control subjects (Schneider et al. 1982 : Ursin et al. 1997 : Kabat et al. 1997 : Zheng et al. 1997 . The largest study (with 42 cases and 64 control subjects) (Kabat. 1997 (Adlercreutz et al, 1975) .
Analyse
Cases and control subjects were compared on the matching and other variables. The association of metabolite ratios with measured factors was examined. (As history of cigarette smoking was available for only about one-third of the subjects, it was not included in the analyses.) Metabolite ratios for the case and control groups stratified by menopausal status at baseline were examined and the average per cent difference between cases and control subjects was computed from the case value of the ratio and the average value for her matched control subjects. Fmally, to estimate breast cancer risk according to tertile of metabolite ratio (based on control distribution), odds ratios were calculated using conditional logistic regression (i.e. retaining the matched sets), controlling for possible confounding variables such as parity.
In addition, baseline serum oestradiol concentrations had been measured for 331 (83%) of the subjects as part of another study (Thomas et al, 1997a; b) , allowing examination of the relationship between serum level and the urinary metabolite ratio.
RESULTS
Follow-up of the Guernsey HIl cohort for vital status and incident breast cancer through May 1996 was over 94% complete. Of 146 women identified with incident breast cancer from the Guernsey Ell study follow-up, samples for 111 were shipped for metabolite measurement and 102 are included in the analyses. Samples for two cases were never collected, ten were not found in the frozen sample bank and the remaining 23 cases were not eligible for this study as they reported oophorectomy, use of oestrogen or unclassifiable menopausal status at baseline. Of the shipped samples, eight cases were diagnosed within 6 months of baseline and were therefore considered prevalent cases, and the urine sample from one case yielded undetectable 16a-OHE1. Of the total 333 control samples (three per case) shipped for measurement, ten had undetectable levels of 16a-OHEI and/or creatinine. In addition, 24 were matched to the eight (ineligible) prevalent cases and three were matched to the case with no measured ratio, resulting in total number of control subjects with measured metabolites and matched to eligible cases of 296 and a total of 323 with measured metabolites.
Ratios were plotted according to time from collection of urine sample to assay date and no patterns were observed. suggesting that ratio values were not related to duration of frozen storage (regression coefficient = -0.02, 95% CI = -0.07, 0.03, P = 0.41).
Good comparability between cases and control on subjects matching factors is shown by results in Table 1 . Median time from baseline survey to sample assay did not differ between cases and control subjects for premenopausal (17 years) or post-menopausal (16 years) subjects. Cases and control subjects did differ somewhat in the expected direction on factors known to be associated with breast cancer risk. For example, cases were less likely to have children, had an older age at first birth, and were more likely than control subjects to have a family history of breast cancer in a firstdegree relative. Among the post-menopausal women, cases had a higher body mass index in contrast to the premenopausal women. who did not differ in weight at baseline from control subjects but did tend to be taller.
Metabolite ratios were not significantly associated with any of the measured breast cancer risk factors among either the pre-or post-menopausal groups (measured by non-parametric correlation, Spearman's rho) as shown in Table 2 , apart from a correlation of -0.17 for age at menarche among post-menopausal women, which reached a boerline significance level (P = 0.06). However, a negative relationship (rho = -0.18, P=0.05) was observed between the 2:16a-OHEI rato and serum oestradiol among the 116 post-menopausal control subjects with both measures and among cases and control subjects combied (n = 153) (rho = -0.23. P < 0.01). The association of serum oestradiol with the ratio was determined largely by its positive relationship with the level of 16a-OHEI (creainine-adjusted) with a Spearman's rho = 0.25 (P= 0.01) -showing little relationship with 2-OHEl (rho = 0.11. P=0.26). As the serum and urine samples were not taken on the same day. these relationships could not be reasonably assessed among the premenopausal women.
The 2:16a-OHEl ratio differed by menopausal status with a higher ratio among pre-as compared with post-menopausal women (median values. 2.07 vs 1.65. P < 0.001 Kruskal-Wallis test. P = 0.03. T-test).
For comparison of current results with those from previous studies that have examined the per cent difference between urinary oestrogen metabolites between cases and control subjects (within matched sets), we found a 15% lower average 2:16a-OHEI ratio among post-menopausal cases than control subjects (11% lower 20HEI and 4% higher 16a-OHEI) and no difference between premenopausal cases and control subjects in the ratio or the metabolites separately.
When the 2: 16a-OHEI ratios were divided into tertiles according to the distribution of the control subjects, separately for the pre-and post-menopausal subjects, the proportion of cases in the highest tertile was smaller for both pre-and post-menopausal groups (26% and 28%) than the proportion of cases falling into the lower two tertiles (35-38%) ( Table 3) .
The relative risk of incident breast cancer during follow-up (as estimated by the odds ratio) is shown in Table 4 for premenopausal (60 cases and 184 matched control subjects) and post-menopausal subjects at baseline (42 cases and 139 matched control subjects). A urinary 2:16a-OHEl level in the highest tertile at baseline compared with the lowest was associated with a reduced odds ratio of 0.71-0.75 for incident breast cancer. Whereas both pre-and post-menopausal women in the highest tertile of 2:16a-OHE1 had an odds ratio consistent with about a 30% lower risk as compared with those in the lowest tertile. the results were statistically nonsignificant. as shown by the 95% confidence intervals. which all encompassed an OR of 1.0. Women with ratios in the middle tertile showed no appreciable difference in risk from those in the lowest tertile (reference group). DISCUSSION Oestrogen metabolism that markedly favours the 2-hydroxyoestrone over the 16a-hydroxyoestrone pathway was linked prospectively to a reduced risk of breast cancer consistent with previous case-control study results in post-menopausal women.
The present case series was not large enough to identify a statistically significant reduction in risk of about 30% for women in the top tertile of 2:16a-OHE1 ratio at baseline. This study. which included a total of 102 incident breast cancer cases and 296 matched control subjects had fewer than one-half of the number of case-control sets required to detect the reported odds ratio of 0.7. Given a minimum detectable significance level of 0.05 and power of 80%. over 250 case-control sets (1:3 matching ratio) would be required (Breslow and Day. 1987) . Thus. using the upper tertile as the 'exposure category', the study lacked power to detect less than a twofold difference in relative risk. Therefore, the results reported here provide support, but not definitive evidence, for the hypothesis that oestrogen metabolism plays a role in risk of breast cancer.
That any association between urinary oestrogen metabolites and breast cancer risk was observed may be seen as remarkable given that the urine was collected years before diagnosis of cancer and assayed between 12 and 19 years after collection. Further, the similarity in the per cent difference in ratios between postmenopausal cases and control subjects to results of case-control studies is stiking.
It should be noted that nearly all (77%) of the incident breast cancers among subjects who were premenopausal at baseline occurred after the age of 45 years when the women were likely to be peri-or post-menopausal at diagnosis. We examined whether the risk estimates differed according to time from baseline to diagnosis of breast cancer, the estimated odds ratio associated with the highest tertile of the ratio did not differ for cases diagnosed within 10 years of baseline (about half the cases) from the risk estimate for those diagnosed 10 years or more after baseline. The fact that time to diagnosis appears to have had no impact on the ratio-breast cancer relationship (in spite of a long follow-up period) suggests that: (1) the observed metabolite ratios at baseline were not determined by pathogenesis and reflect individual differences in oestrogen metabolism, or (2) that breast cancer has an extremely long incubation period and oestrogen metabolism may be a consequence of early subclinical disease.
Reltionship of urinary ratios to serum concentrtons of oestrgens
Whether metabolism of oestrogen may have a role in disease aetiology separate from that of serum level of oestrogen is currently under study (Ursin, 1997) . Thomas et al (1997b) recently reported baseline serum oestradiol to be strongly related to postmenopausal breast cancer risk in this cohort, consistent with the (negative) correlation observed between serum oestradiol and the urinary 16a:20HEI ratio, although the correlation was not high (= -0.18 in post-menopausal women). We found no change in the estimate (odds ratio) of breast cancer risk associated with the metabolite ratios when tertiles of serum oestrogen were also included in the logistic regression model for post-menopausal breast cancer cases and control subjects, suggesting independent effects of serum level and metabolite ratio. Results of the study by Thomas et al (1997b) and the current study taken together show that, for post-menopausal women, serum oestrogen level is more strongly related to breast cancer nrsk than are urinary metabolite ratios. Continued interested in the study of oestrogen metabolism stems not only from its purported aetiological role in breast cancer risk but from the possibility that, unlike serum level, the metabolic pathways may be altered to influence risk. Whether women with high serum oestradiol accompanied by a high level of 16a-hydroxylation are at particularly high risk of breast cancer is unknown: the current study did not include sufficient women with both measures to examine interaction.
Charactristics associated with an elevated 2:16a-OHE1 ratio Health behaviours that may increase the 2:16-OHE1 ratio include: a high level of physical conditioning (Snow et al. 1989) . cigarette smoking (Michnovicz et al. 1986 ) and dietary intake of indole-3 carbinole (13C). a phytochemical found in cruciferous vegetables (Michnovicz et al. 1997) . Moreover. feeding BC to tumour-prone mice appears to lower their incidence of tumours (Bradlow et al. 1991 ). An experimental study to examine low-fat diet among female volunteers found decreased urinary excretion of 16-hydroxylated British Journal of Cancer (1998) 78(9), 1250-1255 0 Cancer Research Campaign 1998 metabolites (oestriol and 16ax-OHE ) and increased catechol oestrogens (2-OHE1 and 2-methoxyoestrone) with a low-fat as contrasted with a high-fat diet (Longcope et al, 1987) . although we have reported no change in urinary metabolite ratios in a randomized trial of healthy premenopausal women treated with a 25% total fat diet as compared with a control group consuming a 36% fat diet (PasagianMacauley et al. 1996) .
We found modest (<-0.2) negative correlations between the 2:16-OHEl ratios and several previously established risk factors for breast cancer:body mass index, weight (but not height) and parity; among post-menopausal women only, we observed a negative correlation with age at first birth and also age at menarche. the forner association but not the latter being consistent with a reduced risk of breast cancer with a higher ratio. Also. we found higher median ratios for pre-compared with post-menopausal women (2.1 vs 1.7 among control subjects), suggesting a decline in values with menopause.
If women who metabolize oestrogen predominately via the C2-hydroxylation pathway have a reduced risk of breast cancer, then risk may be altered favourably by promotion of health behaviours that increase oestrogen hydoxylation by this pathway. We were not able to examine whether diet or exercise influenced the metabolite ratio as this information was not available for this Guernsey study cohort: nor did we have complete information on cigarette smoking. although smoking does not appear to influence breast cancer risk (Baron et al. 1996) and. therefore. is not likely to have affected the observed risk estimates. C2-hydroxylation appears to be more inducible than the 16a-OHEI and to be increased by consumption of cruciferous vegetables and possibly by exercise. This is in contrast to other risk factors for breast cancer such as age at first birth or serum oestrogen concentration, which are not amenable to change via behavioural means. Thus, although longterm health effects of alteration of oestrogen pathways are unknown, advice to exercise more and eat more vegetables may provide more than cardiovascular benefit for women: such behavioral changes may also reduce their risk of breast cancer.
